Isolated cultured roots of Convolvulus arvensis L. were incubated in 0.2 microcurie per milliliter methyl-'H-thymidine for 14 hours, for 64 hours, or for 14 hours followed by transfer to fresh nutrient medium without tritiated thymidine. Autoradiographs of serial, longitudinal sections of roots which were continuously incubated with tritiated thymidine showed that cells of the root cap columella did not undergo DNA synthesis after their formation from the root cap initials. In roots pulse-labeled with tritiated thymidine, the movement of labeled cells through the root cap columella was followed. Labeled cells were displaced at a constant rate of 72 microns per day over a period of 6 to 9 days before they were sloughed off from the root cap. The specialized role of the root cap cells in relation to their distinctive metabolism and longevity is discussed.
In experiments designed to determine the presence of a quiescent center in the apical meristem of roots by utilizing radioactively labeled precursors and autoradiography, investigators have noted that significant portions of the root cap remained unlabeled. While the initial cells of the root cap and the cells of the root cap periphery show active incorporation of DNA precursors, thereby delimiting the distal boundary of the quiescent center of the root proper, cells derived from the root cap initials and displaced subsequently through the columella show little or no incorporation. Clowes (3) reported that the mature, distal root cap cells of Zea mays did not incorporate radioactively labeled phosphate or adenine. Later, Clowes (5) noted that after supplying labeled sulfate or L-leucine, the nonmeristematic cells of the root caps of Vicia faba, Zea mays, A llium ascalonium, and Sinapis alba showed a lower density of silver grains after autoradiography than did the meristematic cells of the root cap and of the root proper. Clowes (4) observed in developing lateral roots that the first cells to lose the capacity to incorporate labeled adenine into DNA were the distal cap cells. Rabideau and Mericle (18) analyzed the distribution of labeled compounds in the shoot and root apices of intact corn plants after allowing the assimilation of "4CO2 into the leaves for 24 hr. Although the authors failed to comment on the distribution of label in the various regions of the root apex, their autoradiographs showed that the cells of the central root cap were unlabeled, whereas the cells of the root cap initials and the cells at the surface of the root cap did show labeling.
Clowes (6) reported from absorption microdensitometric measurements of Feulgen-stained sections that, although the root cap initials rapidly synthesized DNA and were at the 4C level of DNA, the immediate derivatives of the root cap initials were at the 2C level and did not synthesize DNA. Although DNA synthesis resumed in some of the cells of the root cap located 100 to 200 ,u from the root cap junction, these cells were not regularly arranged in the root cap. Only a few of the most distal cells were at the 8C level of DNA. Barlow (2) 4 days to determine the approximate rate of elongation. Root tips elongating at a rate of 15 to 30 mm per day were used in these experiments. Root tips were transferred aseptically to fresh medium containing methyl-3H-thymidine (specific radioactivity 6.0 c/mM) at a final concentration of 0.2 ,uc/ml for either 14 or 64 hr. The root tips supplied with tritiated thymidine for 14 hr were either fixed at the end of the treatment or were transferred to fresh medium without tritiated thymidine for 24, 48, 120, 168, 288, and 336 hr before fixation. The root tips supplied with tritiated thymidine for 64 hr were fixed immediately after the treatment. Roots were fixed in 3% glutaraldehyde in 25 mm phosphate buffer, pH 6.8, for 2 to 2.5 hr at room temperature and subsequently stored in 50 mm phosphate buffer, pH 6.8, in the refrigerator until dehydration. Procedures for dehydration and embedding in Epon-Araldite were 
RESULTS
A median longitudinal section of a cultured root tip which received no treatment at all is shown in Figure 1 . Figure 2 is a schematic diagram based on a tracing of Figure 1 Autoradiographs of median longitudinal sections of root tips supplied with tritiated thymidine for 14 hr showed that the nuclei of cells of the root cap initials, the root cap periphery, and the meristematic cells of the root proper were heavily labeled, whereas cells located in the quiescent center in the root proper and in the columella of the root cap showed little or no labeling. The root cap initial cells which give rise to the columella were labeled uniformly so that these cells formed a band extending across the columella. Immediately proximal to the root cap initial cells are the cells of the quiescent center (Fig. 2) . After a 14-hr exposure to tritiated thymidine, the first two to four cells in each longitudinal tier of the root cap initials giving rise to the columella were heavily labeled (Fig. 3) . The band of heavily labeled nuclei extended 60 + 17 p. from the root cap junction.
The variability in the number of labeled nuclei scored for each tier from three serial median sections indicated that some of the nuclei of the root cap initial cells were not synthesizing DNA during the 14-hr treatment period and thus did not incorporate tritiated thymidine. Examination of serial sections was important because in any given section the nuclei of some cells were not in the plane of the section, so that the cells appeared unlabeled. The standard deviation reported for root measurements reflects not only small differences in the accuracy of measuring, but also the fact that not all nuclei are found in the same plane of any given section.
In roots supplied with a pulse of tritiated thymidine for 14 hr and subsequently transferred to fresh medium without tritiated thymidine for different intervals of time before fixation, the cells which were initially labeled were progressively displaced through the root cap by continuing cell divisions of the root cap initials. In roots supplied with tritiated thymidine for 14 hr followed by a period of 24 hr in control medium before fixation, the cells of the root cap initials and their immediate derivatives were heavily labeled. The band of heavily labeled nuclei extended 102 ± 30 p from the root cap junction and consisted of 2 to 6 labeled cells in each longitudinal tier. The increase in the number of labeled cells constituting the band of heavily labeled nuclei indicated that pools of tritiated thymidine built up during the 14-hr treatment were still available and were being utilized by the dividing root cap initials during the 24-hr period after removal of the tritiated thymidine.
In roots treated with tritiated thymidine for 14 hr, followed by 48 hr in fresh medium, the proximal and distal boundaries of the band of heavily labeled nuclei were 45 ± 17 p and 175 + 33 u respectively from the root cap junction (Fig.  4) . The band of heavily labeled nuclei consisted of 2 to 5 labeled cells. Since the number of cells constituting the band of heavily labeled nuclei remained unchanged between 24 and 48 hr, the pools of tritiated thymidine had been utilized by the dividing root cap initials during the first 24 hr after removal of the tritiated thymidine. During the next 24 hr the tritiated thymidine already incorporated into the nuclei of root cap initial cells began to be diluted out by continued DNA synthesis using unlabeled precursors and by subsequent cell division. The nuclear autoradiographs after 48 hr in medium without tritiated thymidine showed far fewer silver grains per nucleus in root cap initial cells than in the heavily labeled cells displaced into the columella.
Roots supplied a pulse of tritiated thymidine for 14 hr, followed by transfer to medium without tritiated thymidine for 48 hr, were in culture for a total of 62 hr before fixation. These roots may be compared to roots supplied with tritiated thymidine continuously for 64 hr and then immediately fixed. In the latter case the distal boundary of the band of heavily labeled nuclei was 165 + 32 y from the root cap junction (Fig. 6 ). This distance is equal to the distance which labeled cells had been displaced in the pulse-labeled roots grown for 62 hr. This result indicates that the labeled cells in the continuously labeled roots were derivatives of the actively dividing root cap initials and that the rate of movement of cells through the root cap was constant. Furthermore, the nuclei of the more distal cells in the columella had not incorporated any tritiated thymidine during the 64-hr period in which the labeled precursor was available. Thus, there was no DNA synthesis in the columella cells once they were formed from the root cap initials.
After 120 hr the proximal and distal boundaries of the band of heavily labeled nuclei were 188 + 29 y and 427 4-60 ,u respectively from the root cap junction (Fig. 5) . The remaining tritiated thymidine in the DNA of the nuclei of the root cap initials had been diluted still further, as was shown by the small number of silver grains over nuclei immediately distal to the root cap initials. After 168 hr the proximal and distal boundaries of the band of heavily labeled nuclei were 280 + 51 ,u and 489 + 38 y respectively from the root cap junction. By 288 hr the labeled columella cells were sloughed off from the root cap.
The distribution of labeled nuclei in cells of the root cap columella of a number of experimental roots is shown graphically in Figure 7 function of total culture time are plotted. The increase in the width of the band of heavily labeled nuclei with time is caused by two factors, namely, the difficulty in measuring the boundaries exactly with increasing time and the increase in size of the cells of the columella as they are progressively displaced toward the root cap tip. From the position of the distal boundary the rate of displacement of a cell through the root cap, after being formed from a root cap initial cell, can be estimated. The rate is approximately 3 ,u/hr or 72 ,u/day. This rate also includes the amount of displacement which occurs as the result of cell enlargement as the cell approaches the tip of the root cap. From the rate, the lifetime of a cell in the columella of the root cap can be estimated to range between 6 and 9 days, depending upon the length of the root cap.
DISCUSSION
The experimental evidence presented in this paper indicates that the cells of the root cap columella are quite different from the cells of the root cap initials, the root cap periphery, and the quiescent center with respect to the utilization of the precursor of DNA synthesis, tritiated thymidine. In contrast to the cells of the root cap initials and the root cap periphery which increase their level of DNA without any subsequent division or in preparation for cell division, the cells of the root cap columella completely terminate DNA synthesis after their formation from the root cap initials. Such behavior is also unlike that of the cells of the quiescent center which are characterized by a low rate of DNA synthesis or no DNA synthesis at all.
The cells in these four regions also differ in the use of labeled precursors of nuclear and nucleolar RNA synthesis. Himes (10) reported that in roots of Zea mays which were pulse-labeled with tritiated cytidine and uridine, the cells of the root cap initials and older root cap cells were characterized by a high rate of nucleolar RNA synthesis. Furthermore, Barlow (2) showed that nucleolar RNA synthesis occurred at a greater rate in cells of the root cap columella than in cells of the quiescent center in roots of Zea mays, although this rate was less than that observed in the initial cells of the root cap or of the root proper.
These regions of the root differ also with respect to their utilization of glucose. Thomas (19) showed that cells of the quiescent center did not incorporate radioactively labeled glucose into cellular components in roots of tomato. Dauwalder et al. (8) followed the incorporation of D-glucose-l-3H by autoradiography for 0.5, 1, and 4 hr in the root cap of Zea (9) reported for roots of Vicia faba that the only bodies which showed marked sedimentation to one site within cells in response to a geotropic stimulus were the amyloplasts.
Reviews by Wilkins (21) by the sloughing off process as the root grows through the soil. Thus, the root cap appears to be a compromise between a stability needed in detecting geotropic stimuli and a constant turnover of cells in allowing growth.
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